We have demonstrated broad bandwidth large area (229 mm x 114 mm) multilayer dielectric diffraction gratings for the efficient compression of high energy 800 nm laser pulses at high average power. The grating compressor [1] is one of the most critical components of a high power chirped pulse amplification (CPA) laser system [2] . An all-dielectric grating was first proposed in 1991 as a solution to improve throughput, increase the damage threshold, and maximize average power operation [3] . High efficiency high damage threshold multilayer dielectric (MLD) gratings were successfully developed for use in high power laser systems operating at λ = 1.06 µm [4] . However, it has been difficult to produce a dielectric grating for pulse compression near λ= 800 nm, the wavelength of Ti:sapphire lasers. We present results of the development of broad bandwidth large area MLD gratings for the compression of Ti:sapphire laser pulses based on a (Nb 0.5 Ta 0.5 ) 2 O 5 -SiO 2 multilayer coating.
The grating compressor [1] is one of the most critical components of a high power chirped pulse amplification (CPA) laser system [2] . An all-dielectric grating was first proposed in 1991 as a solution to improve throughput, increase the damage threshold, and maximize average power operation [3] . High efficiency high damage threshold multilayer dielectric (MLD) gratings were successfully developed for use in high power laser systems operating at λ = 1.06 µm [4] . However, it has been difficult to produce a dielectric grating for pulse compression near λ= 800 nm, the wavelength of Ti:sapphire lasers. We present results of the development of broad bandwidth large area MLD gratings for the compression of Ti:sapphire laser pulses based on a (Nb 0.5 Ta 0.5 ) 2 O 5 -SiO 2 multilayer coating.
The gratings were designed to have a line density of 1740 lines/mm, giving a Littrow angle of 44.1 degrees at a wavelength of 800 nm, while allowing for an acceptance angle of 10 degrees from Littrow. They were designed to have maximum diffraction efficiency at a wavelength of 800 nm and a bandwidth of more than 60 nm. The grating structure consists of a MLD high reflectance interference coating consisting of an asymmetric dielectric stack with 20 alternating layers of high (Nb 0.5 Ta 0.5 ) 2 O 5 and low SiO 2 index materials with 270 nm deep grooves etched on the top three layers (Fig. 1a) . The MLD a) b)
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CTuK7.pdf 978-1-55752-890-2/10/$26.00 ©2010 IEEE stack was deposited onto 229 mm x 114 mm fused silica slabs using ion beam sputtering. The measured S-polarization reflection of the MLD coatings obtained by elipsometery is shown in Fig. 1b in comparison with the design curve. The grating structure was printed into the multilayer dielectric coating by interferometric photolithography and then was reactive ion beam etched using the same protocol described in [5] for the fabrication of λ = 1 μm MLD gratings. Figure 2a shows a map of the -1 st order diffraction efficiency of a completed grating measured at a wavelength of 800 nm and at an incident angle of 38 degrees. A diffraction efficiency of 97.3% with a standard deviation of 0.3% was measured across the full slab area. The mean diffraction efficiency remained above 96% for wavelengths between 820 nm and 780 nm. Figure 2b compares the measured diffraction efficiency with the design. The damage threshold measured using an S-polarized Ti:sapphire beam with an incident angle of 55 degrees varied from 1.76 +/-0.1 J/cm 2 , down to 0.18 +/-0.02 J/cm 2 for pulsewidths ranging from 120 ps to 120 fs respectively. The damage threshold of the gratings for 1 ps pulses, 0.37 +/-0.02 J/cm 2 , was measured to be ~2.4 times lower than that of the MLD interference coating The gratings were used to implement a vacuum compressor with a throughput greater than 80%. The compressor was used to generate picosecond duration Ti:sapphire laser pulses with an energy ~ 4.5 J at a repetition rate of up to 2.5 Hz for several months without signs of degradation.
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